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Infants are known to engage in conversation-like exchanges from the end of the second
month after birth. These ‘protoconversations’ involve both turn-taking and overlapping
vocalization. Previous research has shown that the temporal organization of adult–infant
turn-taking sequences is similar to that of adult verbal conversation. It has also been
shown that young infants adjust the quality of their vocalization in response to the quality
and timing of adult vocalization. We present new evidence of turn-taking interaction
in infants aged between 8 and 21 weeks based on the analysis of 176 samples of
naturalistic face-to-face interactions from 51 dyads. We found high levels of latched
turns as well as frequent initiation of turn-taking by infants at these ages. Our data do
not support the hypothesis that turn-taking ability increases with age between 2 and
5 months but do suggest that infants are active participants in turn-taking from the
earliest age and that mothers adjust turn-taking formats to infants.
Keywords: early mother–infant communication, turn-taking, protoconversation, vocal development
Introduction
Conversation is a complex communicative process in which visual and auditory signals are
combined in a ﬂow of turn taking. An important aspect of the temporal organization of
conversation is the ﬂuency between turns. The end of a speaker’s turn needs to be anticipated by the
next speaker for the conversation to be ﬂuent (Sacks et al., 1974). In everyday conversation, people
are remarkably rapid and accurate in switching between listener and speaker roles (Magyari and De
Ruiter, 2012). The gap between turns in conversation between native speakers of the same language
is generally around 250 ms (De Ruiter et al., 2006; Stivers et al., 2009). Speakers predict not only
when a turn will end but also the content of the turn, enabling them to respond in a well-timed and
semantically appropriate manner. Computational cognitive models fail to account for the rapidity
and eﬃciency of transitions between speakers because they have ignored the role of embodiment in
predicting speaker turns (Goodwin, 1986). Experimental studies suggest that speakers rely on both
lexico-syntactic information and pragmatic signals to project the end of a turn but that accurate
predictions are not possible without lexical content (De Ruiter et al., 2006).
Yet a number of studies in psychology describe turn-taking interaction occurring between
infants and adults as early as in the second month of life, long before any access to lexical
information. A recent study conducted by Caskey et al. (2011) on premature infants showed that as
Abbreviations: CI, conﬁdence interval; IM, infant–mother; MI, mother–infant; OR, odds ratio; TTS, turn-taking sequence.
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early as 32–36 weeks gestational age the frequency of infant
vocalization increases in the presence of a parent. Preterm infants
were also found to produce reciprocal vocalizations, supporting
the hypothesis that turn-taking is a precocious human ability
(Caskey et al., 2011). Stivers et al. (2009) have shown the powerful
cross-cultural stability of two basic rules of the turn-taking
system, avoiding overlap and minimizing silence between turns.
Do young infants already know these rules or do they learn
them in the course of interacting with partners? Few studies oﬀer
a developmental account of turn-taking interaction in young
infants, prior to language ability.
In the ﬁrst weeks after birth, infants begin to produce
vocalizations that are described in the literature as coos and
murmurs (Oller, 2000) and that elicit emotional and motivated
responses from social partners. These vocalizations are not
readily associated with either positive or negative emotion, in
the way that laughter or crying are (Oller et al., 2013). They are
produced when infants are alert and relaxed or playful. They
are frequently associated with an intent knit-brow gaze directed
at the social partner and with mouth movements resembling
those of speech that have been called pre-speech movements
(Trevarthen, 1993). Both caregivers and naive observers interpret
these vocalizations as being produced intentionally, wilfully and
with eﬀort (Bloom and Lo, 1990; Beaumont and Bloom, 1993).
The appearance of these kinds of vocalizations gives rise to
vocal exchanges with adult partners that resemble conversations
because they are characterized by alternating vocalizations
separated by audible pauses (Bateson, 1975; Stern et al., 1975;
Trevarthen, 1979; Bloom, 1988). Adults respond to the coos and
murmurs of young infants with speciﬁc prosody and timing.
They have been shown to closely match the acoustic qualities of
infant vocalizations, producing short repetitive bouts of infant-
directed speech aimed at eliciting further vocalization on the
part of the infant (Papoušek and Papoušek, 1989; Gratier and
Devouche, 2011). Mothers also modulate their pitch according
to the perceived emotional expressions of infants (Smith and
Trainor, 2008). It has also been demonstrated that infants in turn
adjust the quality of their vocalization in response to adults. The
kinds of vocalizations involved in vocal turn-taking with an adult
have been described as having a ‘speech-like’ quality compared
with vocalizations produced alone or outside of a turn-taking
format (Bloom et al., 1987). Vocal interaction in the ﬁrst months
of life thus appears to be bidirectional and mutually regulated
(Lavelli and Fogel, 2013).
Various approaches have been used to demonstrate the active
role of both mothers and infants in the ﬁrst half year of life
in face-to-face interaction. A durational approach reveals stable
timing structures in maternal behavior across vocal and kinesic
modalities (Stern et al., 1977; Cossette et al., 1986). Mothers’
speech to young infants is timed in such a way as to leave room for
infant response. Maternal utterances are brief (between 0.5 and
1.5 s) and followed by pauses of around 1 s, usually followed by
another utterance. Pauses between utterances that are connected
through repetition of form, content, or topic rarely exceed 3 s and
pauses longer than 3 s generally demarcate episodes of mutual
engagement (Stern et al., 1977; Stern and Gibbon, 1979). With
infants aged between 2 and 4 months, the majority of maternal
responses to infants occur with a 1 s latency after the signal (Keller
et al., 1999) and vocalization is responded to more frequently
than gaze and smiling (Van Egeren et al., 2001). Pauses between
alternating vocal turns of young infants and mothers have been
found to range from 500 ms to 1 s (Jaﬀe et al., 2001).
A related approach to studying protoconversational
organization focuses on the match or cross-correlation between
temporal patterns of maternal and infant vocalization in
spontaneous face-to-face interaction. The fact that mothers
and infants engaged in social interaction match each other for
vocalization and pause duration suggests a mutual regulation of
the turn-taking exchange (Beebe et al., 1985; Jaﬀe et al., 2001). In
her pioneering study of the protoconversations of a single infant
aged between 6 and 13 weeks, Bateson (1975) highlighted the
bidirectionality of infant and mother vocalization by showing
that the mean duration separating successive utterances is longer
when the previous utterance is by self that when it is by other.
Both infant and mother respond to each other faster than they
repeat an utterance of their own. Despite evidence that infants
are capable of selective vocalization from the age of 2 months
(Delack and Fowlow, 1978; Bloom, 1990; D’Odorico and Franco,
1991), there remains some controversy over the extent to which
young infants actively contribute to turn-taking exchanges and
the extent to which adults construct conversational frameworks
for infant vocalization.
If infants partake in a truly co-regulated turn-taking, they
must have the ability to perceive the contingent relations between
their own behavior and that of their partner. These contingent
relations hinge on the perception of timing in social interaction.
Research has shown that infants’ sensitivity to contingency
changes right around the time when protoconversations appear,
around the age of 2 months (Striano et al., 2005). The still-
face paradigm has demonstrated that by 2 months infants react
to the sudden interruption of social interaction by the mother
with reduced smiling and gazing and increased fussiness and
self-comforting behavior (Tronick et al., 1978). Murray and
Trevarthen’s (1985, 1986) closed-circuit double-TV paradigm
shows that infants as young as 6 weeks are sensitive to social
contingencies. When infants and mothers are made to interact
via a live closed-circuit television set up, they are able to
establish mutual gaze and partake in relaxed protoconversational
interaction involving imitation across multiple modalities.
However, when a sequence from the previous recording is
replayed to either mother or infant with a fewminutes delay, each
partner becomes perturbed, expressing anxiety and aloofness.
A 3 s window appears to reﬂect contingency for a wide range
of behaviors involved in spontaneous social interaction (Van
Egeren et al., 2001). The timing of an infant’s response to the
partner has often been taken as a demonstration of the kind of
active interpersonal coordination that underlies communication
between adults.
Starting around the age of 2 months, the cooing stage (Oller,
1980; Stark, 1980) is associated with a marked rise in face-to-face
interaction described as primary intersubjectivity (Trevarthen,
1977; Lavelli and Fogel, 2013). By the age of 4 months, however,
infants’ interest shifts from an intense involvement with other
people to involvement with objects (Trevarthen and Hubley,
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1978; Cohn and Tronick, 1987). In interactive object play, adults
and infants become engaged in doing things together, such as
exploring objects or using them in novel ways. It is not clear
from the existing literature whether the shift from primary
intersubjectivity to object play involves a change in the turn-
taking organization of social interaction. Indeed, very few studies
have focused on turn-taking in social interactions with infants
involving object play or joint attention.
One longitudinal study has reported a quantitative increase in
vocal turn-taking with less overlapping vocalization between 12
and 18 weeks of age (Ginsburg and Kilbourne, 1988) suggesting
infants’ turn-taking competence increases around 4 months of
age. Another study supporting the hypothesis that infants’ turn-
taking competence increases with age was conducted by Rutter
and Durkin (1987). Using both a transversal and a longitudinal
design, this study focused on vocal and gaze coordination from
the end of the ﬁrst year to the end of the third year of life.
According to these researchers, infants younger than 24 months
more frequently interrupt their mothers, whereas after this age
they begin to truly coordinate their vocalizations with those of the
mother. They also found that infants use gaze to actively signal
the end of a turn by the age of 18 months. At this age, their
gaze patterns begin to resemble those used in adult conversation
in that they indicate giving the ﬂoor to their interlocutor and
conﬁrm when the ﬂoor is about to be oﬀered to them by looking
up at the interlocutor at the end of a turn.
The most detailed longitudinal study of the timing of turn-
taking in infancy was conducted recently by Hilbrink et al.
(submitted) on 12 infants aged between 3 and 18 months. These
researchers report on the prevalence of turn-taking exchanges
throughout the period they studied. They also ﬁnd that turn-
taking organization varies little between 3, 4, and 5 months
of age but that turns slow down markedly around the age of
9 months. At this age infants respond to mothers’ utterances
with longer gaps whereas maternal turn-timing remains stable
over time. Furthermore, this study shows that the amount of
overlap in turn-taking remains constant between 3 and 5 months
of age but decreases thereafter. The slowing down of turn-taking
can be associated with important qualitative changes in social
interaction and communicative skills such as joint attention.
The present paper assesses developmental change in turn-
taking organization between the 3rd and the 5th months of
life. We ﬁrst aimed to explore the hypothesis that turn-taking
is, from the ﬁrst weeks of life, a mutually coordinated eﬀort
and then to assess developmental change and stability in the
amount of overlap, duration of switching pauses (gap) between
turns and length of TTSs. We thus compared spontaneous vocal
interactions between mothers and infants ages between 2 and
3 months with those of mothers with 4-to-5-months-old infants.
Materials and Methods
Participants
Fifty one MI dyads participated in this study. Infants were aged
between 8 and 21 weeks [28 boys and 23 girls aged respectively
12.8 weeks ± 3.77 (range: 8–19) and 13.2 weeks ± 3.73 (range:
8–21)], were born full-term and in good health. Out of the 51
mothers, three mothers were bilingual speakers but spoke to
their infants in French. The sample was divided into two age
groups: a group of ‘younger’ infants (35 8–13 weeks, mean age
10.8 weeks ± 1.54, 15 girls) and a group of ‘older’ infants (15 17–
21 weeks, mean age 18.3± 1.24, 8 girls). The present research was
approved by the university ethics committee (CCP n◦1450089).
Apparatus and Procedure
All dyads were recorded in naturalistic contexts, in their
home, when infants were in a quiet alert state. Before each
observation, consent forms were signed by the parents. Mothers
and infants were placed in comfortable positions, facing each
other. Mothers were asked to talk to their infants in their
usual manner for approximately 10 min and to avoid using
any toys. Video and audio recordings were made using two
camcorders (Sony Handycam HDR-CX190) and a digital audio
recorder (Korg Sound on Sound Unlimited Track Recorder)
placed near the dyad. Only the audio recordings were used in this
study.
Acoustic Analysis
Selection of the Audio Samples
A total of 176 audio samples were selected [3.5 audio samples on
average per infant ± 2.2 (range: 1–9). Audio sample length was
on average 106.7 s ± 57.9 (range: 18–252)]. In all 90 min and 41 s
of interaction were analyzed. Samples lasted on average 31 s. The
samples were taken from a large corpus of audio recordings, they
were the ﬁrst to meet following four selection criteria:
(1) Each sample included at least one vocal contribution by the
infant and no negative infant vocalizations (fuss, cry).
(2) In each sample, mothers addressed their infant directly.
Sequences including song to infants were discarded.
(3) Samples were segmented based on pause duration: pauses
between vocalizations that exceeded 3 s marked the end of
the selected audio sample.
(4) Recording quality was optimal for all samples.
Software
We used Sound Analysis Pro (Tchernichovski et al., 2000) to
segment the sequences and to obtain acoustic measures of
individual vocalizations. Sound Analysis Pro is used primarily
in studies of birdsong but has recently been used successfully
to study infant vocalization (Lipkind et al., 2013). Data were
exported and manipulated in Excel.
Coding of Vocalizations and Pauses
Based on visualization of spectrograms and audio guidance,
each sequence was manually segmented into 4 types of
events: maternal vocalization, infant vocalization, overlapping
vocalization and pause, according to the following criteria:
(1) A vocalization (either by mother or infant) was deﬁned
as the production of vocal sound by one partner that was
either continuous or included unvoiced segments of less than
300 ms. If the silent pause following an audible vocal sound
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was greater than 300 ms, two successive vocalizations were
coded.
(2) Overlapping vocalization was coded when either mother or
infant vocalized over the vocalization of the partner. The
entire vocalization was coded as overlapping even if it was
only partially masked by the partner’s vocalization.
(3) Pauses occurred either between two vocalizations by the
same partner (within- speaker pause) or between alternating
vocalizations (switching pause). Within-speaker pauses had
a duration that was necessarily greater than 300 ms and
lower than 3000ms. Switching pauses could range from a few
milliseconds to 3000 ms. Two alternating vocalizations were
qualiﬁed as latched when the switching pause had a duration
of less than 50 ms.
(4) Vegetative sounds produced by infants such as burps, growls
or hiccups, noise from the environment and vegetative
sounds produced by mothers, such as coughs, were not
coded.
Coding of Turn-Taking Sequences
A TTS was deﬁned as sequence of vocalizations involving at least
one alternation between speakers. Such a sequence could involve
alternation between a vocalization of mother and of infant or
between a vocalization of mother or infant and an overlapping
vocalization. A TTS ended when the same speaker produced at
least two vocalizations in succession or the pause following a
vocalization was greater than 3000 ms.
Acoustic Measures
Sound Analysis Pro (Tchernichovski, 2012) provides automated
analysis of various acoustic features of the segmented sounds.
These include duration, amplitude, pitch, frequency modulation,
and entropy. For this study only durations and frequencies of
vocalizations and pauses were used.
Inter-Coder Reliability
Twenty percent of the data set were double-coded. Inter-
coder reliability (Pearson product-moment correlations) was
0.87, 0.98, 0.78, and 0.95 respectively for number of infants’
vocalizations, mothers’ vocalizations, vocalizations involving
overlap and pauses. Onset positions were considered identical
if they occurred within 50 ms, thus measures of vocalization
duration had an error tolerance of up to 100 ms. Both coders
correctly identiﬁed 80.6% of all onset positions within the subset
of double-coded sequences.
Statistics
Analysis was done with Stata for Windows (version 12). Multiple
regression was used to compute partial regression coeﬃcients and
logistic regression to estimate ORs and Wald 95% CIs (Cohen
et al., 2003). Age (8–13 weeks vs. older than 13 weeks) and gender
were treated as binary variables and included in the model as
factors, and dyads as potential confounders. A general linear
model (GLM) was used to analyze number of vocalizations per
minute, with infants’ gender and age as factors and including
partial eta square as index of eﬀect size. A chi square test was
applied on the contingency tables, including Cramer’s V as an
index of eﬀect size. An alpha level of 0.05 was used for all
statistical tests.
Results
Vocal Production
The entire sample comprised a total of 2943 vocalizations of
which 748 were produced by the infants alone, 1851 were
produced by the mothers alone and 344 involved both mothers
and infants vocalizing in overlap. Thus, the total sample of infant
vocalizations comprised 1092 vocalizations and the total sample
of maternal vocalizations comprises 2195 vocalizations. In total
2152 pauses were identiﬁed, of which 838 were switching pauses
(38.9%).
Infant Vocalizations
Infant vocalizations occurring within less than 3 s of a maternal
vocalization, i.e., involved in turn taking, represented 73.1% of all
infant vocalizations (seeTable 1). Infant vocalizations which were
not involved in turn taking were produced either after an infant
vocalization (12.8%) or were isolated, i.e., were neither preceded
nor followed by another vocalization (14.1%). The proportion
of infant vocalization occurring within TTSs was higher among
younger infants than among older infants (78.7% vs. 62.2%;
OR = 2.25, 95% CI: 1.69 2.99, p< 0.0001).
Among the vocalizations occurring within TTSs, some were
overlapping vocalizations (n = 344; 31.5%), and the remaining
were vocalizations that followed a maternal vocalization
(n = 454; 41.6%). These were either latched vocalizations, that is
vocalizations occurring without an intervening pause (n = 202;
18.5%) or vocalizations involving a switching pause (n = 252;
23.1%; see Table 1). Contingency analysis conducted on type of
vocalization revealed a signiﬁcant age eﬀect (Chi square = 39.8;
p < 0.0001; Cramer’s V = 0.21): older infants vocalized
twice in succession more frequently than younger infants
whereas vocalizations occurring after a switching pause were
more frequent among the younger infants. No diﬀerence was
observed between the two groups for frequency of overlapping
vocalizations (see Figure 1).
Infant vocalizations lasted on average 869.7ms± 662.3 (range:
50.2–3640.0). Multiple regression conducted on the durations of
vocalizations revealed no eﬀect of age (p = 0.49), but a signiﬁcant
gender eﬀect: girls’ vocalizations were on average 108 ms longer
than boys’ vocalizations (p = 0.049).
Maternal Vocalizations
Maternal vocalizations occurring within less than 3 s of an
infant vocalization – i.e., involved in turn taking – represented
35.8% of all maternal vocalizations (see Table 2). One in ﬁve
mother vocalizations was consecutive to an infant vocalization
(441; 20%), either as a latched turn (n = 184; 8%) or involving
a switching pause (n = 257; 12%). Only 13.5% of mother
vocalizations were not embedded in a sequence of vocalizations
(n = 297) and 51% were preceded by a maternal vocalization
(n = 1113).
Contingency analysis conducted on type of vocalization
revealed a signiﬁcant age eﬀect (Chi square = 51.6; p < 0.0001;
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TABLE 1 | Proportions of infant vocalizations according to position in relation to other vocalizations and pauses.
Infant vocalizations (N = 1092)
All infants (N = 1092) 8–13 weeks (N = 719) 17–21 weeks (N = 373)
N % N % N %
Vocalizations preceded by another infant vocalization 140 12.8% 66 9.2% 74 19.8%
Vocalizations involved in turn taking
Preceded by mother vocalization with pause 252 23.1% 195 27.1% 57 15.3%
Preceded by mother vocalization without pause 202 18.5% 145 20.2% 57 15.3%
Involving overlap 344 31.5% 226 31.4% 118 31.6%
Isolated vocalizations
Neither preceded nor followed by any other vocalization 154 14.1% 87 12.1% 67 18.0%
FIGURE 1 | Proportions of infant vocalization according to age.
TABLE 2 | Proportions of maternal vocalizations according to position in relation to other vocalizations and pauses.
Mother vocalizations (N = 2195)
All mothers (N = 2195) 8–13 weeks (N = 1704) 17–21 weeks (N = 491)
N % N % N %
Vocalizations preceded by another mother vocalization 1113 50.7% 928 54.5% 185 37.7%
Vocalizations involved in turn taking
Preceded by infant vocalization with pause 257 11.7% 202 11.9% 55 11.2%
Preceded by infant vocalization without pause 184 8.4% 136 8.0% 48 9.8%
Involving overlap 344 15.7% 226 13.3% 118 24.0%
Isolated vocalizations
Neither preceded nor followed by any other vocalization 297 13.5% 212 12.4% 85 17.3%
Cramer’s V = 0.16). Mothers vocalized twice in succession more
frequently with younger infants but overlap was more frequent
for mothers of older infants (see Figure 2).
Mothers’ vocalizations lasted on average 1144.7 ms ± 904.9
(range: 50–9803). Multiple regression conducted on the
durations of the vocalizations showed a signiﬁcant eﬀect of
age: the vocalizations of mothers of younger infants were on
average 399 ms longer than those of mothers of older infants
(p < 0.0001). A gender eﬀect was also observed, mothers of boys
vocalizing on average longer (p = 0.034).
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FIGURE 2 | Proportions of maternal vocalization according to infant age.
Vocalizations Involving Overlap
Vocalizations involving overlap lasted on average
1550.7 ms ± 1090.1 (range: 110–4928). Multiple regression
conducted on the durations of the 344 overlapping vocalizations
revealed a signiﬁcant eﬀect of age: overlapping vocalizations
involving younger infants were 812 ms longer than those
involving older infants (p < 0.0001). No gender eﬀect was found
(p = 0.25). Analysis of the number of vocalizations per minute
revealed no signiﬁcant eﬀects, neither for gender (p = 0.96) nor
for age (p = 0.92).
Latched Turns
Among the 454 turns produced by infants 44.5% (n = 202) were
latched, i.e., without a pause between alternating vocalizations.
This proportion was quantitatively higher for older infants than
for younger ones but not signiﬁcantly so (50.0% vs. 42.6%;
OR = 1.34, 95% CI: 0.86 2.10, p = 0.19). Maternal vocalizations
preceding a latched turn by the infant were shorter, though
not signiﬁcantly so, than those involved in turns including a
switching pause (1089 ms vs. 1152 ms; p = 0.35). Among
the 441 turns performed by mothers, 41.7% were latched. This
proportion was quantitatively higher when mothers responded
to older infants than when they responded to younger infants,
but again not signiﬁcantly so (46.6% vs. 40.2%; OR = 1.29,
95% CI: 0.81 2.07, p = 0.26). Infant vocalizations preceding
a latched turn by the mother had the same duration as those
involved in turns including a switching pause (respectively 869
and 870 ms).
Pauses
Within-Speaker Pauses
Pauses between vocalizations by the same speaker, which were
by deﬁnition restricted to the range of 300 to 3000 ms, lasted
on average 745.5 ms ± 557.0 (range: 310–2643.6) for infants
and 967.3 ms ± 606.4 (range: 300–2994.8) for mothers. Multiple
regression analysis revealed that within speaker pauses were
not signiﬁcantly diﬀerent according to age, neither for infant
(p = 0.82) or for mothers (p = 0.60). No gender eﬀect was found.
Switching Pauses
The samples comprised 838 switching pauses lasting on average
730 ms ± 543.6 (range: 50–2974). Multiple regression analysis
showed that switching pauses were on average 174.0 ms longer in
samples involving older infants (p= 0.007). No signiﬁcant gender
eﬀect was found (p = 0.16).
Among the switching pauses, 60.5% concerned pairs of
vocalizations that were either between an IM pair of vocalizations
(30.1%) or between a MI pair of vocalization (30.4%),
i.e., switching pauses which did not involve an overlapping
vocalization. Both types of switching pause were analyzed
separately. Multiple regression analysis conﬁrmed the overall
age eﬀect for all switching pauses (p = 0.013) and showed
that switching pauses inside an IM pair of vocalizations were
on average 135.4 ms shorter than those inside a MI pair of
vocalizations (p = 0.014). This diﬀerence was not impacted by
infant age (p = 0.68).
Turn-Taking Sequences
In total, 489 TTSs were identiﬁed, lasting on average 5.68 s± 4.39
(range: 0.3–28.2) and ranging from 2 to 18 turns (mode of three
turns, i.e., three alternating vocalizations). Because duration and
number of turns were highly correlated [r = 0.81; t(487) = 30.6,
p < 0.0001], both measures were analyzed separately in order to
appreciate whether they were likely to be explained by age.
Multiple regression conducted on the number of turns per
TTS did not reveal any signiﬁcant eﬀect, neither of age (p = 0.57)
nor of gender (p = 0.56). However, we did observe a signiﬁcant
diﬀerence between both age groups regarding the duration of
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TTSs: TTSs of older infants lasted 1.22 s longer (p = 0.005; see
Figure 3). No signiﬁcant gender eﬀect was found (p = 0.53).
TTSs were divided into two subgroups depending on which
partner initiated the sequence. Sequence initiation was coded
when a vocalization occurring after a pause lasting at least 3 s
was followed by at least one vocalization by the partner within
less than 3 s. Among the 489 TTSs collected, 44.8% were initiated
by infants. Logistic regression showed that TTS initiation by
infant was most likely to occur in older infants (p = 0.003;
OR = 1.8, 95% CI: 1.22 2.77). No signiﬁcant gender eﬀect was
found (p = 0.30).
Turn-taking sequences were also divided in two subgroups
according to which partner terminated the sequence. A sequence
termination was coded when a vocalization following at least one
vocalization by the partner within less than 3 s was followed
by a pause of at least 3 s. Among the 489 TTSs observed, 37
(7.6%) ended with a co-vocalization and were then excluded from
analysis. Twenty four percent of the remaining 447 TTSs were
ended by infants. Logistic regression showed that TTSs were
more likely to be ended by infants in older infants (p = 0.004;
OR = 2.0, 95% CI: 1.26 3.23). We also observed a signiﬁcant
gender eﬀect: boys were less likely to end a TTS than girls
(p = 0.009; OR = 0.55, 95% CI: 0.35 0.86).
Discussion
In the present study, durational features of vocal interactions
between mothers and infants from two age groups (2–3 and
4–5 months) were collected using acoustic analysis software. The
aim of the study was, ﬁrst, to ascertain whether vocal exchanges
involving young infants has a turn-taking format and, second, to
investigate developmental change in vocal turn-taking.
The ﬁrst ﬁnding was that three out of four infant vocalizations
are either followed or preceded by a maternal vocalization.
Infants in both age groups vocalize in turn as frequently, and
the most common turn-taking format at both ages is one
involving three turns (two alternations between mother and
infant). Indeed, infants respond to mothers’ vocalizations as
often as mothers respond to infants’ vocalizations at both ages.
Although the turn-taking format is observed in vocal interactions
of infants aged between 2 and 5 months, the question that needs
addressing is whether mothers are responsible for creating these
formats or whether infants actively partake in shaping TTSs.
One way to investigate infants’ active role in turn-taking is to
ask whether they demonstrate anticipation of the mothers’ turns
and whether they show initiative in generating a vocal response
from the mother. The present study provides partial answers
to these questions because it is based on durational measures
and does not include other acoustic features such as intonation
contour, pitch matching or amplitude modulation. Some of our
ﬁndings support the hypothesis that, already from the 2nd month
of life, infants anticipate turns and initiate TTSs.
Infants at both ages used a high proportion of latched turns,
that is they began to vocalize within a few milliseconds (less
than 50 ms) of the end of the mother’s vocalization, without any
overlap. To our knowledge, no study of early MI vocal interaction
has reported on the frequency or signiﬁcance of latched turns.
This ﬁnding is signiﬁcant in teasing apart the roles of adults
and infants in turn-taking exchanges. Indeed, although latched
turns are less frequent than overlapping vocalization, it seems
implausible that they would occur randomly at the frequencies
we report. The temporal window for initiating vocalization is
markedly smaller for latched turns than for turns involving a
pause and for overlapping vocalizations. Indeed, the average
time frame within which an infant vocalization is described
FIGURE 3 | Distribution of turn-taking sequences according to age and number of turns.
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as an ‘overlapping vocalization’ in our study is 1145 ms (the
average duration of a maternal vocalization) and the average
time frame within which an infant vocalization is involved in a
turn (excluding latched turns) is 730 ms (the average duration
of a switching pause). The high frequency of latched infant
vocalizations suggests that infants actively shape the turn-taking
organization of an exchange and anticipate events within it.
Based on a comparison of the probabilities of infants producing
diﬀerent prosodic contours, a previous study showed that 3-
months-old selectively match their vocalizations to preceding
maternal vocalization (Gratier and Devouche, 2011). Thus the
low probability that an infant should vocalize at a particular
moment in time or in a particular way can be interpreted as a
high probability that the infant vocalizes with purpose.
The ﬁnding that infants in the 3rd months already frequently
perform latched turns poses a major challenge. How do young
infants project the end of a turn as precisely as adults do in
verbal conversation, with ‘no-gap-no-overlap’ (Sacks et al., 1974),
without any lexico-syntactic information? Much research has
shown that the projection of turn completion relies principally
on linguistic cues (De Ruiter et al., 2006). It is possible that
infants rely on durational cues to project the end of the mother’s
turn and that mothers too rely on such cues to project the
end of the infant’s vocalization. Maternal speech to infants is
known to be rhythmic, and maternal utterances are usually
short and bound by pauses. In our study, as in previous
studies (Jaﬀe et al., 2001), maternal vocalizations lasted around
1 s. We wondered whether infants might learn their mothers’
speciﬁc time-signature which would enable them to predict with
high precision when most of her utterances end. However, the
duration of the vocalization to which an infant vocalization is
latched does not appear to suﬃciently explain the occurrence
of latching. Maternal vocalizations that preceded a latched turn
were only marginally longer that those preceding a switching
pause. Another plausible explanation for the high percentage
of latched turns is that mothers interrupt their utterances as
soon as they perceive the infant is about to vocalize. Mothers
may use cues such as in-breath or change in muscle tone to
predict the onset of an infant vocalization. However, if it were
the case that mothers interrupt their utterances rather than
that infants predict the end of the mother’s utterance, maternal
utterances preceding a latched infant vocalization should have
been found to be shorter than maternal utterances preceding a
switching pause. It is worth investigating whether other acoustic
features might aﬀord turn latching, such as drop in fundamental
frequency and/or intensity. A more complete analysis of acoustic
features of vocalization might provide greater insight into this
phenomenon.
Furthermore, it is interesting to explore the possible functions
of latched turns in protoconversational exchange. The experience
of a seamless transition between self-expression and other-
expression may be highly relevant for a young infant, reinforcing
an emerging sense of agency in the 1st months of life. Latched
turns may be conceived as joint action, where each individual’s
actions are coordinated so as to achieve a joint outcome and
where each individual’s action cannot be understood in isolation
from the others’ (Sebanz et al., 2006).
Overall, comparison of the two age groups revealed both
continuity and change in turn-taking organization. We do not
ﬁnd any diﬀerences in terms of mean frequency of vocalizations
involving overlap between the two ages. Nor do we ﬁnd that
the duration of switching pauses decreases with age. On the
contrary in our data they are longer among the older infants.
Older infants do not perform proportionately more latched turns
than younger infants. We did ﬁnd that switching pauses were
more frequent in younger infants’ interactions. This ﬁnding
should entail that younger infants partake in a greater number of
alternating vocalizations but we did not ﬁnd that the number of
turns within TTSs increases with age. This inconsistency may be
explained by the quantiﬁcation method we used for turn-taking.
Overlapping vocalizations and latched vocalizations were taken
into account in the quantiﬁcation of number of turns whereas the
frequency of switching pauses was quantiﬁed on the basis of non-
overlapping vocalizations alone. It is therefore not possible to
describe the contribution of each type of vocalization within the
TTSs. Future studies should be aimed at more precise description
of overlapping vocalization in MI interaction.
Turn-taking sequences were found to be longer for older
infants despite the fact that infant vocalizations have similar
durations in both age groups and that mothers’ vocalizations
are shorter in interactions with older infants. Longer TTSs at
4–5 months than at 2–3 months are most likely explained by
the increase in switching pause duration between the two ages.
Furthermore, a greater number of infant vocalizations were
either responded to or were responses to the mother among the
younger infants, and older infants vocalized more often twice in
succession. These two age-related changesmay reﬂect a transition
between the highly social cooing stage and the more solitary
exploratory sound play that follows in vocal development (Oller,
2000). Hilbrink et al. (submitted) related their ﬁnding that turn-
timing slows down around 9 months to the emergence of socio-
cognitive skills that are crucial for communication and language,
such as joint attention and cooperative cognition. In the present
study too the younger infants responded to maternal vocalization
faster than the older infants did. Similarly, this ﬁnding may be
explained by a reorganization of social attention that is known
to occur around 4 months, when infants become increasingly
interested in object play and begin to show shared attention.
Our ﬁndings conﬁrm the active role of mothers in adjusting
their vocal behavior to infants. Mothers’ vocalizations were
found to be longer with younger infants, and they produce
more successive vocal utterances when interacting with younger
infants. Mothers perform more latched turns with older infants
and switching pauses between IM pairs of vocalizations are
shorter on average than between MI pairs, suggesting that
mothers respond to infants faster than infants respond to
mothers. In a previous study, the duration of switching pauses
in vocal turn-taking between 2 and 3 months-old infants
and mothers was found to vary cross-culturally in relation
with parenting styles and cultural representations (Gratier,
2003). Switching pause duration may thus reﬂect mothers’
representation of the infant’s communicative ability more than
the infants’ turn-taking competence. We also found that mothers’
vocalizations are longer with boys than with girls conﬁrming
Frontiers in Psychology | www.frontiersin.org 8 September 2015 | Volume 6 | Article 1167
Gratier et al. Early development of turn-taking
that gender-based representations impact infant-directed speech
(Kitamura and Burnham, 2003).
The signiﬁcance of our ﬁndings on initiation and termination
of TTSs is ambiguous. We found that older infants were more
likely to initiate a TTS. However, initiating a sequence does not
imply that older infants show greater initiative in turn-taking,
as this ﬁnding could be explained by mothers responding more
often to the vocalizations of older than of younger infants. In
fact, a recent study has shown that, without knowledge of infant
age, naïve listeners implicitly attribute greater communicative
intentionality to vocalizations of 5 months-old infants than to
those of 1 month-old (Gratier et al., submitted). Our data also
show that older infants more frequently terminate TTSs than
younger infants. This may also be seen to reﬂect the mother’s
stance toward the infant rather than a change in the way
infants organize turn-taking because mothers may not respond
as often to terminal vocalizations with older infants. It would
be interesting to take into account the acoustic characteristics of
these initial and terminal infant vocalizations in order to gain
insight into the question of infant initiative. Prosodic cues such
as intonation contour may signal initiative to mothers, for both
initiating and terminating turn-taking. It is also possible that
mothers do not respond to terminal vocalizations because the
TTS has reached a durational threshold, her unresponsiveness
would then serve a regulatory function. It is worth investigating
the transformations of the two partners’ roles in turn-taking
across ages. Indeed, mothers may progressively give the infant
more and more prominence in the interaction, considering her
more and more as an active partner with “something to say”
while making the rules of turn-taking more salient. Infants may
become less interested in a vocal turn-taking and more interested
inmultimodal turn-taking around object play or shared activities.
Overall our ﬁndings do not clearly support the hypothesis
that infants’ become more competent at turn-taking between
the 3rd and 5th months of life. Indeed, we ﬁnd neither shorter
switching pause durations nor less overlap between these ages.
Rather, our ﬁndings suggest that turn-taking organization is
sensitive to changes in infants’ social motives, reﬂecting a growing
involvement in object play and joint activity. Although mothers
are clearly highly adaptive and active in vocal exchanges with
infants, we have found evidence that already very young infants
play an active role in shaping the unfolding of TTSs. This
exploratory study on the early development of turn-taking points
to the possibility that turn-taking in preverbal interaction adapts
to infants’ changing motives for communicating and learning,
and paves the road to the crucial socio-cognitive skills that
precede and enable language use.
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